This study presents scientometric analysis and network visualization of journal articles on Nipah virus for a better understanding of research trends on the subject. Metadata of journal articles were retrieved from Scopus database in 2018. After filtration of irrelevant and incomplete records, 1007 records were analysed to examine the publishing trends on Nipah virus. The network visualization was accomplished using 'VOSviewer', 'Gephi' and 'Sciencescape' software. Results revealed inconsistent growth of articles on the subject. There were only few productive authors with ≥15 records, but others contributed on the subject occasionally. The United States (as a country) and North America (as continent) led the world in terms of contribution to the number of articles (n = 469 and 522 records respectively). Six leading institutes contributed to ≥50 records each. Out of 373 journals, ten core journals published 31% of the total journal articles. Predominant topics discussed in the articles included: characterization, pathogenesis, clinical symptoms, transmission, outbreaks and vaccine development. A great degree of inter-country and inter-continent collaboration was detected among the US, Australia, Malaysia, United Kingdom and Bangladesh, depicting that the developed world is working in association with the developing nations to tackle the problem.
Background
The Nipah virus (NiV) is a new addition to the growing list of emerging zoonotic diseases. Since its identification, NiV infection has attracted scientific attention due to high morbidity and mortality rates in both humans and animals 1 . Recently, a World Health Organization (WHO) report included Nipah diseases under the 'list of blueprint priority diseases' requiring an urgent need for accelerated research and development 2 .
The virus was first isolated from the cerebrospinal fluid of a human patient from Nipah village in Malaysia during an outbreak of viral encephalitis in 1998-99 (refs 3-5) . NiV first appeared in domestic pigs in Malaysia in 1998 and spread to nearby Singapore in 1999 (refs 6 and 7) . Fruit bats of the Pteropodidae family are the natural host of the virus 8 . NiV infection has been identified among a number of domestic and companion animals, including dog, cat, goat, horse and sheep 9 . Human-to-human transmission of infection has been reported, raising concerns for health workers. Virus outbreaks affecting the human population occurred in Bangladesh and India in 2003, 2004, 2007, 2008 and 2018, without concurrent domestic animal outbreaks 10 . Between 2001 and May 2018, 261 cases of NiV were reported in Bangladesh and 85 in India that have taken 198 and 62 lives in these countries respectively. Thus continuous research efforts are essential to counter this life-threatening virus and the literature on the subject is central for further research and development. A scientometric study on Nipah virus can (i) provide an outline of the literary outcome on the subject, (ii) be useful to collect and organize information resources and (iii) strengthen research collaborations. Further analysis of collaboration networks can facilitate the visualization of scientific knowledge flows. A few scientometric studies have been conducted on Nipah virus; however there are no studies of collaboration trends and network visualization. Safahieh et al. 11 analysed the scientometric variables of 462 articles on Nipah virus published during 1999-2010. Gupta et al. 12 conducted a scientometric study on publications during 1999-2018 on Nipah virus. The authors reported prolific authors, institutions and countries in terms of the respective number of publications. However, inter-author collaborations, interinstitution collaborations and international collaborations remained out of the scope of the study. Gupta et al. 12 also reported the subject-wise distribution of publications as given under subject categories depicted in Scopus. Though the authors enlisted the most frequently used keywords, they neither reported their co-occurrences nor performed subject analyses based on such co-occurrences.
The emphasis on authorship, institutional and geographical collaborations, institutional-journal publishing trends and subject analyses based on co-occurrence of keywords applying network visualization differentiates the present study from the previous ones. The collaboration analyses using network visualization have also been presented.
This study is aimed to achieve the following objectives: (i) Examine the scientific productivity on NiV based on research articles cited in Scopus database. (ii) Identify the most productive authors, institutions and countries and develop collaboration visualization maps. (iii) Determine the core journals publishing articles on NiV and analyse the institutional-journal publishing trends. (iv) Develop subject map based on author keywords to present an overview of the current research trends.
Methodology

Dataset
For the purpose of this study, data were accessed from the Scopus database on 31 May 2018 using the phrases 'nipah' and 'nipah virus'. The earliest retrieved record was from the year 1999. The Boolean operator 'OR' was applied to obtain results due to either of the phrases. The search was filtered for occurrence of phrase terms in the title, abstract and keywords of records. The string search retrieved 1116 entries. The data were downloaded in tabdelimited text (CSV) format. Initially, an attempt was made to analyse all records using network visualization software. Since journal articles and other types of publication (e.g. book chapters) have unsymmetrical bibliographical fields, problems were encountered in the visualization of data. Thus, we limited the scope of the study to scientometric analyses of publications included in the peer-reviewed journals (including but not limited to the original research articles, reviews, editorials, short surveys and letters) that had similar bibliographical fields. The book chapters, conference papers, books and conference reviews, articles and reviews without authorship details and other missing details were removed from the file and data from 1007 records were used for scientometric analyses.
Analysis of subject terms and institutions
The words/phrases listed in the 'keyword' field in the Scopus data (i.e. those provided by the original publica-tions; defined as author-generated keywords) were considered for subject analysis (n = 2300 terms, including 1122 unique keywords having one or more occurrences in the records retrieved). For the records where authorgenerated keywords were not available (n = 599 articles), the keywords were generated from the title of the articles (title-generated keywords) by removing helping verbs and other general words. The term 'Nipah virus' was excluded from analyses as all articles pertained to this subject. The singular and plural terms representing the same subject were further standardized to avoid duplicity in the occurrence of terms in the subject visualization map. The subject analysis was performed using authorgenerated and title-generated keywords (n = 5828, unique keywords = 2385) after removing duplicity due to plural forms.
Another problem was identified when the basic analysis of institutional contributions revealed that the institutional names were not listed in uniform style. Instances were observed where the name of a given institution was listed differently in different articles; for example, some articles listed complete name of the institution, others enlisted abbreviated names and sometimes name of the department/college/laboratory was also attached to the institution name. This made the assessment of interinstitutional productivity and collaborations impossible. Hence, all institutional names were examined individually and manually standardized. The institutions having multiple campuses at different places within a country were treated as a single institution when examining interinstitutional collaborations.
Definitions
Collaborative authorship: Publications with two or more authors were considered the outcome of collaborative authorship.
Collaborating countries: When authors from two or more countries contributed to a given article, their respective countries were considered as collaborating countries.
Collaborating institutions: When authors from two or more institutions contributed to the same article in joint authorship, their respective institutions were considered as collaborating institutions.
Collaboration connection: It is a link(s) between collaborating authors, collaborating institutions and collaborating countries (using VOSviewer and Gephi software).
Core journals: The journals that published 15 or more articles on NiV were considered as core journals.
Data visualization
The scientific productivity on Nipah virus was mapped using free-to-use software 'VOSviewer', 'Gephi' and 'Sciencescape'. The most productive authors and institutions were identified and collaborations among them were visualized using 'VOSviewer'. The clusters were developed using VOSviewer based on the cooccurrence of authors, institutions and subject terms. In VOSviewer, each cluster represents mutually related nodes and each node in a network falls under one cluster only 13 . The collaboration among countries was visualized through 'Gephi'. The network maps developed using 'VOSviewer' and 'Gephi' have nodes and edges. The edges are the links between nodes establishing the inter-connectivity of nodes representing authors, countries and subject terms. The thickness of edges represents the strength of collaboration between authors, countries and co-occurrence of keywords in subject analysis. The size of the nodes represents the number of articles contributed by the respective authors, countries and frequency of occurrence of keywords in the articles. The A-K-J Sankey feature of 'Sciencescape' was used to identify the institutional trends of publishing articles in journals. Figure 1 depicts a flowchart of various steps from data collection to data analysis. 
Results and discussion
Chronological trends in Nipah virus publications
During 1999-2018, a total of 1116 publications were recorded in the Scopus database on Nipah virus, including 668 articles, 249 reviews, 45 book chapters, 34 conference papers, 36 editorials, 33 notes, 22 short surveys, 20 letters, four errata, three books and two conference reviews. The book chapters, conference papers, books and conference reviews were excluded from this study. In addition 21 articles and reviews without authorship and other details and four errata were also excluded. Finally, a total 1007 records, including 663 articles, 233 reviews, 36 editorials, 33 notes, 22 short surveys and 20 letters published in journals were analysed. Figure 2 shows the chronological growth of articles on Nipah virus published in the journals.
Data for the year 2018 were partial since they were retrieved at the end of May 2018. Arrows in Figure 2 indicate the years when outbreaks occurred.
The growth of publications on Nipah virus during the period under study was found to be uneven. The year of identification of Nipah virus, i.e. 1999 witnessed nine publications and yearly increase in the number of publications continued till 2002. After publication of 62 records in 2004, the following four years (2005-08) witnessed lesser number of publications. Maximum number of records were published in 2013. Thereafter, the number of publications fluctuated between 46 and 67 records (the year 2018 has been excluded as data were available partially).
Most productive authors
All except 19% articles (191 single-author publications of 1007 records) have been an outcome of collaborative authorship. More than 42% (428/1007) articles were contributed by 2-5 authors and the 38% (388/1007) articles were authored by six or more co-authors each. In total, 2804 authors contributed to the 1007 records on Nipah virus. Thirty-five authors contributed to 15 or more articles each. Three of these 35 authors did not have any collaboration and were therefore excluded from the collaboration network analyses. There is little chance of these 32 authors having the same surname and first name. Therefore, the authorship collaboration map has been developed based on the data processed using VOSviewer without any further cross examination of author names ( Figure 3 ). Five clusters have been formed using cluster schema of VOSviewer based on co-occurrences of author-terms in articles. The size of nodes represents the contribution of the respective authors in terms of number of articles and edges show the strength of links between authors. Three clusters have seven or more authors each, showing a strong collaborative research commitment at the national/international level.
In Figure 3 , author names represent different clusters along with number of articles (D) and link strength (LS) of each author depicting their collaborations.
The clusters formed using cluster schema of the VOSviewer are given below: 
Major contributing countries
Authors from a total of 81 countries contributed to 1007 records. Five nations from the North America continent collectively contributed to the highest number of records (n = 525), followed by contribution of 392 records from 30 Asian nations and 289 records from 21 European countries. Australia/Oceania contributed to 182 records. Eighteen African countries added to 41 records and five South American nations contributed to 16 records. Eight of these 81 countries did not have international collaboration. Eighteen countries from the African continent, 26 from Asia, 17 from Europe, 5 nations each from North America and South America, and two countries from Australia/Oceania worked in international collaboration on Nipah virus in the form of journal articles. The network visualization map of countries having contributed at least three articles on Nipah virus was developed using Gephi. Out of the resulting 37 countries, two (Greece and Poland) did not have any articles in international collaboration. Hence, these two nations were excluded while developing the international collaboration network. Figure 4 shows the top 35 countries with the highest number of articles on Nipah virus.
In Figure 4 , D represents the number of articles, L the number of links, and LS the total link strength. The top In Figure 4 , there are seven country clusters. This visualization map has been developed using Gephi. Clusterwise countries are listed below: 
Institutional productivity
Authors from 846 institutions/organizations contributed to the 1007 records. Figure 5 shows the collaboration visualization map of 41 institutions (that contributed to ≥10 records each). Scientometric data (number of articles, number of links, link strength) of the top 6 institutions (≥50 records; individually or in collaboration) is also tabulated.
Seven clusters as given below were identified representing institutional collaborations: 
Journals publishing articles on Nipah virus
The 1007 records on Nipah virus had been published in 373 journals. The ten core journals published 31% of the total journal records. The top 40 journals publishing five or more records per journal on Nipah virus (54% of records) are shown in Figure 6 along with the number of records published in them. Remaining 46% (467/1007) records were published in 333 journals (1-4 records/ journal).
In Figure 6 , each node represents a journal. The size and colour of nodes represent the number of records published in the respective journals. The numbers of records is also given below each node.
The Journal of Virology by the American Society for Virology has published 100 records on Nipah virus. Emerging Infectious Diseases by Centers for Disease Control (CDC) has published 42 records, the second highest number of records on Nipah virus in a journal. This is followed by PLoS ONE (USA) and Journal of General Virology (United Kingdom).
Subject analysis based on keywords
The top 62 keywords (out of total 2386) having occurred in 10 or more articles were considered for cluster analysis (Figure 7) . A total of five clusters were identified by clustering schema of VOSviewer software. The nodes in Figure 7 represent keywords/subject terms and edges reveal the relation between different keywords representing subjects.
In Figure 7 , O represents occurrences; L, links and LS, total link strength. The top 10 keywords along with occurrences, links and total link strength are: Hendra virus: 
Major institutions and their article publishing trends in journals
Discussion
The present study presents scientometric analysis and network visualization based on 1007 records indexed in Scopus database. The analysis of chronological growth of scientific outcome on Nipah virus revealed that though NiV was identified two decades ago, the growth of publications on the subject is uneven. The scientific productivity on life sciences subjects is continuously increasing for the last quarter of the 20th century, whereas the growth trajectory of publications on Nipah virus appears to plateau (an average of 61.3 records between 2004 and 2017) after the first five years of discovery in 1999. Incidences of Nipah virus have been observed in Asia, viz. outbreaks have incurred in pigs in Malaysia and Singapore (1998-99), and human disease incidences have taken place in Malaysia (1998-99), Singapore (1999), Bangladesh (2001 Bangladesh ( , 2003 Bangladesh ( -05, 2007 , India (2001, 2007 and 2018) and the Philippines (2014) 14 . Evidence of the virus without any clinical disease has also been found in fruit bats in Cambodia, Thailand and an African country, Madagascar 10 . The growth of articles on Nipah virus in various years remained unaffected by incidences of the disease in the respective years. It was during February 2018 that WHO included the Nipah and henipaviral diseases under the 'list of blueprint priority diseases', requiring an urgent need for accelerated research and development 2 . Hence, the scientific activities are expected to get an impetus in the coming years.
The analysis brought forward that there are only few productive authors on the subject. Out of total 2804 authors, only 6.3% (178) contributed to five or more articles, whereas the remaining majority of authors According to Dutta 15 , the 'interest in Nipah virus has remained limited to small research communities and affected countries'. However, findings of the present study are contrary to the observation of Dutta 15 , as the analysis of geographical distribution of journal articles depicts that authors from all over the world representing different continents made academic/research contributions towards Nipah virus, illustrating the concerns of the whole world about the infectious disease. The United States has played a leading role by contributing the highest number of records (46.8%, 469/1007 documents) on the subject. This is in contrast to the incidences/ outbreaks of Nipah virus in Asian countries 10 . The United States is followed by Australia (17.9%, 180/1007), Malaysia (12.4%, 125/1007), France (7.6%, 77/1007), United Kingdom (7.1%, 71/1007) and Germany (5.4%, 54/1007). Each of the top six countries contributed more than 5% of total records on Nipah virus. The United States has strong collaboration strength with Australia, followed by Bangladesh and Malaysia. Malaysia, South Korea, Japan and Vietnam form a different cluster based on their mutual research collaborations. During the analysis it has been noticed that out of total 81 nations, 16 contributed to more than 10 records each and 21 countries added to 3-8 records. Remaining majority of the countries were occasional contributors of 1 to 2 records only.
Through The authorship, institutional and geographical analyses make it obvious that collaborative efforts are being made by scientists and institutions representing different corners of the globe to confront the challenge of Nipah virus.
Conclusion
The findings of the present study reveal that although Nipah virus was isolated two decades ago, scientific productivity on it has not yet attained the desired impetus. Only 6.3% authors (178 out of 2804 authors) contributed to more than five articles each on NiV, making it obvious that a large majority of authors are occasional contributors on the subject. However, a great degree of authorship collaboration was observed. The initiatives of WHO to curb NiV infection are likely to boost the scientific development on zoonotic infection. Though incidences of NiV human infection have been reported in the Asian continent only, countries from all continents have been concerned about the virus. A great degree of intercountry and inter-continent collaboration was detected among United States, Australia, Malaysia, United Kingdom and Bangladesh, depicting that the developed world is working in association with the developing nations to tackle the problem. The Australian Animal Health Laboratory-CSIRO, Geelong, Australia; CDC, USA; University of Malaya, Malaysia and Uniformed Services University of Health Sciences, USA were found to be the major contributor institutions. Majority of the institutions leading the R&D on NiV represent the USA. The scientific literature on Nipah virus is published across 373 journals, but 10 core journals published more than 30% of the articles on the subject. The characterization of Nipah virus, pathogenesis, clinical symptoms of the viral infection, virus transmission, outbreaks, transmission of infection between animals and humans, vaccine development, emergence of Nipah virus and its surveillance were found to be the main sub-subjects of articles. The network visualization depicting collaboration trends among major authors, countries and institutions is expected to be useful to the scientific community in analysing the research trends on Nipah virus. The findings of this study will also be useful to the institutions and policy makers to prepare the course of action to fill the research gaps.
